Introduction {#S0001}
============

Hyperuricemia (HUA), purine metabolic dysfunctions, is induced by excessive uric acid (UA) which is the final purine breakdown product in humans.[@CIT0001]--[@CIT0003] Classically, HUA is related to nonmodifiable risk factors, such as gender, age, and genetics, and modifiable risk factors, such as dietary factors and lifestyle.[@CIT0004]--[@CIT0007] HUA is a precursor and one of the main risk factors for gout, and maybe develop all sorts of complications, such as gouty arthritis,[@CIT0008],[@CIT0009] metabolic syndromes,[@CIT0010]--[@CIT0013] diabetes,[@CIT0010],[@CIT0014] and acute and chronic kidney disease.[@CIT0015]--[@CIT0017] Those complications affect the life quality of patients and make difficulties to manage HUA.[@CIT0018] The epidemic of HUA has become the biggest challenge for humans and a major health problem worldwide. The National Health and Nutrition Examination Survey (NHANES) from 2007--08 to 2015--16 showed that HUA was seen in 14.6% of the US population aged over 20 years and was much more common in men (24.7%) compared with women (5.2%).[@CIT0019] In mainland China, a meta-analysis involving 17,476 subjected reported that the prevalence of HUA was 13.3% in all individuals, 19.4% in men and 7.9% in women from 2000 to 2014.[@CIT0020]

Recent researches recognized that the onset of HUA associated with dyslipidemia, which was the elevation of serum triglycerides (TG), total cholesterol (TC), or both.[@CIT0021]--[@CIT0025] Though it is well known that HUA is closely associated with dyslipidemia,[@CIT0013] there are debate data about the role of TG, TC in promoting HUA. The Third NHANES (NHANES III) of 14,130 subjects aged 20 years or older revealed that TG and TC were strongly associated with serum UA in the US population according to linear regression modeling.[@CIT0023] A cross-sectional study among 3093 subjects aged 18--85 years reported that high TG and TC were positive associations with HUA in men, but not in women in Ganzi Tibetan Autonomous Prefecture, Sichuan, China.[@CIT0024] In Suzhou, China, a community-based cross-sectional study among 9580 subjects aged over 45 years showed that higher TG and TC were significantly associated with HUA in men, but only higher TG was significantly associated with HUA, and not higher TC in women.[@CIT0025] The association between TG, TC and HUA was complicated and not adequately appreciated worldwide. Simultaneously, there are few large epidemiological studies about dyslipidemia and HUA on the east coast of China. Therefore, it is very important to obtain more epidemiological data on TG, TC and HUA to improve these controversies and health problem this area. The objective of this study was to investigate the association between TG, TC and HUA using a community-based health promotion program, which represents a well-designed population-based study with a large sample size of adult aged 35--74 years in eastern coastal China.

Methods {#S0002}
=======

Ethical Statement {#S0002-S2001}
-----------------

The protocol used in this study was in accordance with the Declaration of Helsinki and was approved by the Ethics Committee at Qingdao Centers for Disease Control and Prevention/Qingdao Institute for Preventive Medicine, Qingdao China. Written consent was individually obtained from each participant.

Study Design {#S0002-S2002}
------------

This cross-sectional study (2006 survey and 2009 survey) is from a community-based health promotion program and targeted the population at three rural districts (Huangdao, Jiaonan, and Jimo) and three urban districts (Shinan, Shibei, and Sifang) of Qingdao, China. A total of 12,100 individuals (6100 individuals in 2006 and 6000 individuals in 2009), aged 35--74 years and living at least 5 years in Qingdao, were selected according to a stratified, random, cluster sampling method in 2006 and 2009. In the cross-sectional survey, 1635 individuals (745 individuals in 2006 and 890 individuals in 2009) did not arrive at the survey field with or without various reasons, such as not contacting, ill or deceased. Finally, 10,465 individuals (5355 individuals in 2006 and 5110 individuals) were enrolled from this cross-sectional study with a response rate of 87.8% in 2006 and 85.2% in 2009, respectively. TG, TC, and UA were measured in this cross-sectional survey ([Figure 1](#F0001){ref-type="fig"}).Figure 1Flow chart of participant included and excluded in cross-sectional analysis.**Abbreviations:** UA, uric acid; TG, triglycerides; TC, total cholesterol.

Study Population {#S0002-S2003}
----------------

The flow chart of the participant included and excluded in this cross-sectional survey is shown in [Figure 1](#F0001){ref-type="fig"}. The participants were excluded from the cross-sectional survey: 737 participants without UA, 736 participants without TG, and 780 participants without TC, 108 diagnosed HUA participants with therapy, 1075 participants with diabetes, and 325 female participants with osteoarthritis. Finally, 9680 participants (4645 participants in 2006 and 5035 participants in 2009) were included in the final cross-sectional analysis.

Ethical Approval and Statement {#S0002-S2004}
------------------------------

Ethical approval of this study was formally reviewed and approved by the ethics committee and institutional review board of Qingdao Municipal Center for Disease Control and Prevention in 2008, and the number was Document No.1. The informed consents were voluntarily signed by all the participant, and the privacy, anonymity, and security of participants were rigorously respected in this cross-sectional survey.

Data Collection {#S0002-S2005}
---------------

The standardized questionnaire was assessed by trained doctors or nurses through a face-to-face interview. The information on the questionnaire was collected: demographic characters (gender, age, marital status, family history of diabetes), socioeconomic information (educational attainment, personal monthly income) and lifestyle factors (smoking status, alcohol-drinking status). The marital status was divided into married (married or cohabiting) and unmarried (single, divorced, or widowed). The family history of diabetes was defined as having at least one first-degree family member (including parents, siblings and/or offspring) diagnosed as diabetes, without regarding the types of diabetes. Educational attainment was divided into two categories: school years ≤9 years (illiteracy, elementary school, junior high school) and \>9 years (senior high school, college). The personal monthly income was categorized into three categories: ≤599 Chinese Yuan (CNY), 600-1999 CNY, and ≥2000 CNY. Smoking status was dichotomized as current smoking and nonsmoking. Current drinking was classified using a dichotomous categorical variable as current drinking and non-drinking.

The measures of body weight and height were collected for the participants. Bodyweight was measured in light clothes and barefoot adopting proofread digital scales accurate to the nearest 0.5 kg. Height was measured with barefoot adopting proofread height gauge accurate to the nearest 0.1 cms. The body mass index (BMI) was calculated according to the formula: BMI (kg/m^2^)=weight (kg)/height^2^ (m^2^).

Blood samples were collected after fasting 8--12 overweight in 2006 survey and 2009 survey. Blood samples to measure UA, TG, TC and high-density lipoprotein-cholesterol (HDL-C) were centrifuged and then transported to the central laboratory for analysis in the cold chain. The measure of UA, TG, TC and HDL-C was used enzymatic methods with Olympus automatic biochemical analyzer.

Outcome Definitions {#S0002-S2006}
-------------------

The classification of UA levels was made according to the Chinese Multidisciplinary Expert Consensus on the Diagnosis and Treatment of HUA and Related Diseases.[@CIT0026] HUA was defined by the UA level \>420μmol/L in men and \>350μmol/L in females. The classification of TG and TC was detected according to the Guidelines on the prevention and treatment of blood lipid abnormality in Chinese adults.[@CIT0027] The level of TG was defined as normal TG (serum TG \<150 mg/dl), borderline high TG (BHTG) (150 mg/dl ≤ TG \<200 mg/dl), and hypertriglyceridemia (HTG) (TG ≥200 mg/dl). The level of TC was defined as normal TC (TC \<200 mg/dl), borderline high TC (BHTC) (200 mg/dl ≤ TC \<240 mg/dl), and hypercholesterolemia (HTC) (TC ≥240 mg/dl).

Statistical Analysis {#S0002-S2007}
--------------------

The continuous variables with normal distribution, continuous variables with abnormal distribution and categorical variables of baseline characteristics were summarized as means ± standard deviation (SD), mean \[95% confidence intervals (CI)\] and number (percentage) in participants, respectively. *T*-test for continuous variables with normal distribution, Mann--Whitney *U*-test for continuous variables with abnormal distribution and Chi-squared test for categorical variables were used to compare the difference between men and women. The logistic regression model was performed to estimate the association between TG, TC, and HUA with an odds ratio (OR) and 95% confidence intervals (CI). Meanwhile, age stratification analysis (\<55 years group and ≥55 years group) was performed to evaluate whether age potentially affects the association between TG, TC and HUA using multivariable logistic regression. All the data analyses were done with SPSS (version 20.0), and the statistical significance was at *P* \<0.05.

Results {#S0003}
=======

The baseline characteristics of the participants are shown in [Table 1](#T0001){ref-type="table"}. A total of 9680 individuals participated, and the women proportion was up to 60.7%. Simultaneously, the women had younger age, less school years, less personal monthly income, a lower percentage of rural living, smoker, alcohol-drinker, and the higher mean of BMI and HDL-C, lower mean of TG and UA compared with men (*P* all \<0.05). A total of 756 men (19.9%) and 683 women (11.6%) were diagnosed with HUA in this cross-sectional survey. The baseline characteristics of the participants with different UA levels are listed in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=243381.docx)]{.ul}. The participants with HUA had older, more school years, higher personal monthly income, a lower percentage of rural living, a higher percentage of smoker and alcohol-drinker, the higher mean BMI, TG, and TC, and lower mean of HDL-C compared with the participant with normal UA.Table 1Baseline Characteristics of the ParticipantsMenWomen*P* valueNumber, (%)3806 (39.3)5874 (60.7)\<0.001Age, (years)51.9±1151.0±10.3\<0.001School years\>9, n (%)1289(34.1)1593(27.2)\<0.001Unmarried, n (%)181(4.8)356(6.1)0.006Rural living, n (%)2557(67.2)3509(59.7)\<0.001Personal monthly income (CNY), n (%)\<0.001 ≤5991447(39.4)2985(53.0) 600～19991677(45.6)2399(42.6) ≥2000552(15.0)244(4.3)HUA, n (%)756(19.9)683(11.6)\<0.001Current Smoking, n (%)1978(52.3)156(2.7)\<0.001Current Alcohol-drinking, n (%)1623(42.9)81(1.4)\<0.001BMI (kg/m^2^)25.2±3.425.6±3.7\<0.001TG (mmol/L)1.5±1.31.4±1.0\<0.001TC (mmol/L)5.3±1.05.3±1.10.093UA (μmol/L)352.9±83.6277.9±68.8\<0.001[^1]

[Table 2](#T0002){ref-type="table"} shows higher TG \[borderline high TG (OR: 2.06; 95% CI: 1.64, 2.60), HTG (OR: 3.95; 95% CI; 3.23, 4.84)\], higher TC \[HTC (OR: 1.33; 95% CI: 1.07, 1.65)\], more school years (OR: 1.81; 95% CI: 1.53, 2.13), higher personal monthly income \[600～1999 CNY/month (OR: 1.45; 95% CI: 1.21,1.75); ≥2000 CNY/month (OR: 2.16; 95% CI: 1.71, 2.73)\], current alcohol-drinking (OR: 1.31; 95% CI: 1.12, 1.54) and higher BMI (OR: 1.16; 95% CI: 1.13, 1.19) was found significantly associated with increased risk of HUA prevalence, however, higher age (OR: 0.99; 955CI: 0.98, 0.99), longer rural living (OR: 0.64; 95% CI: 0.55, 0.76), current smoking (OR: 0.70; 95% CI: 0.60, 0.82) and higher HDL-C (OR: 0.72; 95% CI: 0.60, 0.88) were significantly associated with decreased risk of HUA prevalence in men. Higher TG \[borderline high TG (OR: 2.75; 95% CI: 2.23, 3.39); HTG (OR: 4.80; 95% CI: 3.91,5.89)\], higher TC \[borderline high TC (OR: 1.76; 95% CI: 1.45,2.12); HTC (OR: 2.75; 95% CI: 2.24, 3.37)\], higher age (OR: 1.05; 95% CI: 1.04, 1.05), unmarried (OR: 1.53; 95% CI: 1.14, 2.05)), median personal monthly income \[600～1999 CNY/month (OR: 1.23; 95% CI: 1.04, 1.45)\] and higher BMI (OR: 1.12; 955CI: 1.10,1.15) were significantly associated with increased risk of HUA prevalence in women. But only longer rural living (OR: 0.71; 95% CI: 0.60, 0.83) and higher HDL-C (OR: 0.53； 95% CI: 0.42, 0.66) was associated with decreased risk of HUA prevalence in women.Table 2Odds Ratio (95% Confidence Interval) for HUA in Association to Triglycerides and Total Cholesterol Concentration by Univariate Logistic RegressionMenWomenORPORPTG**\<0.001\<0.001** Normal TG1.001.00 Borderline high TG**2.06(1.64, 2.60)\<0.0012.75(2.23, 3.39)\<0.001** Hypertriglyceridemia**3.95(3.23, 4.84)\<0.0014.80(3.91, 5.89)\<0.001**TC**0.037\<0.001** Normal TC1.001.00 Borderline high TC1.05(0.88, 1.26)0.567**1.76(1.45, 2.12)\<0.001** Hypercholesterolemia**1.33(1.07, 1.65)0.0112.75(2.24, 3.37)\<0.001**Age**0.99(0.98, 0.99)\<0.0011.05(1.04, 1.05)\<0.001**School years\>9**1.81(1.53, 2.13)\<0.001**0.88(0.73, 1.06)0.178Unmarried0.93(0.64, 1.36)0.715**1.53(1.14, 2.05)0.005**Rural living**0.64(0.55, 0.76)\<0.0010.71(0.60, 0.83)\<0.001**Personal monthly income**\<0.0010.049** ≤5991.001.00 600～1999**1.45(1.21, 1.75)\<0.0011.23(1.04, 1.45)0.016** ≥2000**2.16(1.71, 2.73)\<0.001**1.21(0.81, 1.79)0.348Current Smoking**0.70(0.60, 0.82)\<0.001**1.05(0.65, 1.71)0.839Current Alcohol-drinking**1.31(1.12, 1.54)0.001**1.60(0.89, 2.86)0.115BMI**1.16(1.13, 1.19)\<0.0011.12(1.10, 1.15)\<0.001**HDL-C**0.72(0.60, 0.88)0.0010.53(0.42, 0.66)\<0.001**[^2][^3]

Multivariate logistic regression of the possible risk for HUA prevalence in men and women were presented in [Table 3](#T0003){ref-type="table"}. Elevated TG \[borderline high TG (OR: 1.75, 95% CI: 1.36, 2.24; HTG (OR: 3.13, 95% CI: 2.50, 3.94)\] indicated increased risk for HUA in men even after adjusted for age, school years, marital status, geographic division, personal monthly income, smoking status, alcohol-drinking status, BMI and HDL-C. Both TG \[borderline high TG (OR: 2.08; 95% CI: 1.66, 2.61); HTG (OR: 3.53; 95% CI: 2.80, 4.44)\] and TC \[borderline high TC (OR: 1.57, 95% CI: 1.28, 1.94); HTC (OR: 2.31, 95% CI: 1.83, 2.93)\]showed significant association with HUA in women after adjusted age, school years, marital status, geographic division, personal monthly income, BMI and HDL-C.Table 3OR (95% CI) for HUA in Association to TG and TC Concentration by Multivariable Logistic RegressionMenWomenORPORPTG**\<0.001\<0.001** Normal TG1.001.00 Borderline high TG**1.75(1.36, 2.24)\<0.0012.08(1.66, 2.61)\<0.001** Hypertriglyceridemia**3.13(2.50, 3.94)\<0.0013.53(2.80, 4.44)\<0.001**TC0.578**\<0.001** Normal TC1.001.00 Borderline high TC0.99(0.81, 1.20)0.888**1.57(1.28, 1.94)\<0.001** Hypercholesterolemia1.12(0.88, 1.44)0.365**2.31(1.83, 2.93)\<0.001**[^4][^5]

Multivariate logistic regression of the possible risk for HUA prevalence in men and women by age stratification analysis is presented in [Table 4](#T0004){ref-type="table"}. Age stratification analyses demonstrated that the association between TG and HUA was stronger in males aged ≥55 years and female aged \<55 years, and the association between TC and HUA was stronger in both genders aged \<55 years. Specially, compared with normal TC, the OR in hypercholesterolemia was 1.42 (95% CI: 1.04, 1.95) in male aged \<55 years, the OR in borderline high TC and hypercholesterolemia was 1.74 (95% CI: 1.31, 2.31) and 2.93 (95% CI: 2.08, 4.13) in female aged \<55 years, the OR in borderline high TC was 1.81 (95% CI: 1.30, 2.51) in female aged ≥55 years. However, there was no such effect on TC and HUA in borderline high TC among both genders and in hypercholesterolemia among male aged ≥55 years.Table 4OR (95% CI) for HUA in Association to TG and TC Concentration by Stratified Analysis of AgeMenWomenORPORPTG\<55 years**\<0.001\<0.001** Normal TG1.001.00 Borderline high TG**1.66(1.21, 2.28)0.0022.35(1.68, 3.27)\<0.001** Hypertriglyceridemia**3.39(2.58, 4.46)\<0.0013.77(2.67, 5.34)\<0.001**≥55 years**\<0.001\<0.001** Normal TG1.001.00 Borderline high TG**2.41(1.72, 3.36)\<0.0011.84(1.35, 2.51)\<0.001** Hypertriglyceridemia**3.97(2.80, 5.63)\<0.0013.22(2.37, 4.38)\<0.001**TC\<55 years0.088**\<0.001** Normal TC1.001.00 Borderline high TC1.11(0.87, 1.41)0.408**1.74(1.31, 2.31)\<0.001** Hypercholesterolemia**1.42(1.04, 1.95)0.0272.93(2.08, 4.13)\<0.001**≥55 years0.254**0.002** Normal TC1.001.00 Borderline high TC0.77(0.55, 1.08)0.1271.31(0.96, 1.77)0.086 Hypercholesterolemia0.77(0.51, 1.18)0.230**1.81(1.30, 2.51)\<0.001**[^6][^7]

Discussion {#S0004}
==========

In this cross-sectional study, higher TG and TC significantly increased the risk of HUA prevalence in both men and women. Multivariate logistic regression analysis showed that the elevated TG was significantly associated with HUA in men and women; however, elevated TC was significantly associated with HUA only in women, not in men. Age stratification analyses the elevated TG was significantly associated with HUA in both genders of all ages, however, elevated TG was significantly associated with HUA only in men aged \<55 years, in women of all ages.

HUA is the most prevalent purine metabolic disorder and is a rising major public health issue in the world. In our study, the prevalence of HUA was 19.9% in men and 11.6% in women in Qingdao, China,[@CIT0020] which was similar to the systematic review and meta-analysis about the prevalence of HUA in mainland China from 2000 to 2014. While its prevalence in the Chinese men population in Qingdao was lower compared to US men population, NHANES from 2007--08 to 2015--16 study focused on an American population showed that the prevalence of HUA was 24.7% in men and 5.2% in women,[@CIT0019] which is significantly higher than that of our study. Also, higher TG and TC indicated significantly increased in men and women. Chen et al[@CIT0028] had performed a cross-sectional study in the China and found that the prevalence of HUA in the was significantly higher in the disease group than that of the control group. These observations are with our results. However, there was no study reported on the association between the prevalence of HUA and increased TC at present.

At present, the epidemiological studies of dyslipidemia (elevated TG and TC) and HUA have been reported. Some studies showed that elevated UA was associated with high TG, TC, low-density lipoprotein-cholesterol (LDL-C), very low-density lipoprotein-cholesterol (VLDL-C), and low HDL-C,[@CIT0023]--[@CIT0025],[@CIT0029]--[@CIT0031] which did not confirm a causal role for HUA and dyslipidemia. Matsuura et al[@CIT0032] pointed out that an increase in UA level could be the signal for overfeeding behavior and fat storage in Wistar rats, and then, elevated UA level could act on the urinary bladder mucosa and increases the level of triglyceride and total cholesterol by fructose-induced. Our previous study also found that elevated TG and TC was in association with metabolic syndrome.[@CIT0033],[@CIT0034] Lanaspa et al,[@CIT0035] have suggested that HUA is more prone to develop fatty liver, which generated elevated TG and TC. In addition, there are few mechanisms between uric acid metabolism and lipid metabolism. Some studies demonstrated that silent information regulator T1 (SIRT1) plays key roles in the regulation of lipid metabolism.[@CIT0036],[@CIT0037] Meanwhile, Wang et al[@CIT0038] reported that SIRT1 have clear anti-HUA functions in C57BL/6 mice, and one possible mechanism is the activation of ATP-binding cassette subfamily G member 2 through the PGC-1α/PPARγ pathway. Otherwise, Xu et al[@CIT0039] revealed that the serum uric acid and transcription of the MAPK/Nrf2/ARE (antioxidant responsive element) signaling pathway were elevated, leading to aggravated lipid peroxidation at 1d and 9d postmortem in breast muscle of broilers compared with high-current & low-frequency electrical stunning. It is important to further studies of common cellular signaling pathways between uric acid metabolism and lipid metabolism.

In the last few years, dyslipidemia's effect on the development of HUA has been reported in different clinical and epidemiological studies. NHANES III demonstrated that serum TG and TC are significantly associated with serum UA levels in general adults.[@CIT0023] A population-based retrospective study including 3884 participants from the medical examination population showed that elevated TG was positively associated with HUA[@CIT0022] in Gansu, China, but no explored the association between TC and HUA. However, some other studies reported that gender differences excited in the association between TG, TC and HUA in Chinese adults.[@CIT0025],[@CIT0040] All the above mention observations are in line with our findings of logistic regression. Those results might be related to estrogen levels in the body,[@CIT0041],[@CIT0042] and the mechanism of estrogen needs to be further studied in the relationship between TG, TC, and HUA.

Normally, lipid parameters, such as TG and TC, are relatively economical and routinely available at hematology labs and can provide effective information for diagnosing HUA and other chronic diseases at clinics. In addition, the association between lipid parameters and HUA remains unclear; therefore, further studies are needed to explore the epidemiology and potential mechanisms between lipid parameters and UA etiology.

There are some strengths in this current study. First, this study was a population-based survey with a relatively large sample size in eastern coastal China. Secondly, the association between TG, TC and HUA was further investigated based on TG and HUA in present studies. Thirdly, the classification of TG and TC levels was detected according to the Guidelines on the prevention and treatment of blood lipid abnormality in Chinese adults. However, the present study suffered from a few potential limitations worth reviewing. This study was designed based on two cross-sectional studies, which could not explore the effect of TG, TC, and HUA. Secondly, the data of this study come from the self-report of participants and might exist the recall bias. Thirdly, the data of this current study collected for an existed Qingdao Diabetes Prevention Program, and some variables like LDL-C, physical exercise, dietary habits, the information of hormonal disorder of estrogen in women and renal failure were not collected. Fourth, this cross-sectional study adopted logistic regression, and the results should be seriously interpreted. Furthermore, confounding bias existed due to HUA relating to renal failure in this study, which may have an impact on the association between the elevation of TG, TC, and HUA. Further studies are needed in those fields.

Conclusion {#S0005}
==========

This large cross-sectional study focusing on the association between single indictor of blood lipid as exposure and HUA as outcome on the east coast of China for the first time. From a sample of Chinese adults, this study demonstrated that elevated TG in men and women and TC in women were associated with increased HUA prevalence. This age-specific effect suggested that there may be a specific association between TG and TC in both genders aged ≥55 years, and between TC and HUA in both genders aged \<55 years. Additionally, the more prospective, preclinical and clinical studies about underling mechanisms are required for further investigation between lipid subfractions (such as low-density lipoprotein-cholesterol, very low-density lipoprotein-cholesterol, high-density lipoprotein-cholesterol) and UA etiology.
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